Solvent extraction has generally been carried out with a separatory funnel to separate the desired analyte from a large volume of aqueous solution containing foreign substances and to enrich it. The technique therefore allows increased selectivity and sensitivity in subsequent instrumental methods of analysis such as colorimetry', flame spectroscopy2 and voltammetry.3 However, the procedure involves laborous and timeconsuming steps: stirring of aqueous and organic phases, removal of the organic phase, and adjustment of the volume of organic test solution.
A number of approaches for automated solvent extraction system have recently been proposed to simplify and speed up the conventional method.4-6 Among the methods recently developed, the flow extraction system is most interesting.
Here a segmented stream is introduced into an extraction coil, followed by a phase separation. A magnetic stirrer could also be used for stirring of the two phases in a continuous batch extraction.'
In the present study, nitrogen gas is shown to be useful for extraction of a reducible analyte into an organic phase, to be followed by voltammetry. Ethyl acetate was well stirred with water through a stream of the gas to form an emulsion which deforms rapidly after being allowed to stand. Both solvent extraction and deoxygenation of organic extract can be simultaneously performed in a vessel designed for this study. There is no need of removal of the organic extract from the aqueous phase for direct voltammetric measurements. In addition, the volume of the organic phase recovered, about 0.65 cm3, is sufficient as the test solution for voltammetry.
The loss of the organic phase due to evaporation has been minimized by using the solvent-saturated nitrogen. The present "gas-stirred solvent extraction" method can be successfully applied to voltammetric determination of iron(III) in a river water sample as its N benzoyl-N-phenylhydroxylamine (BPA) complex with ethyl acetate. The use of this method combined with other instrumental methods of analysis can be expected.
Experimental
Cyclic and differential-pulse voltammograms were obtained with a Yanako Y-1100 polarograph and a Rika Denki RW-11 X-Y recorder. The three electrodes system comprised a glassy carbon (dropping mercury) working electrode, a platinum counter electrode, and a silver-silver chloride reference electrode (Bioanalytical System, Inc.). Oxygen was driven off by passing a stream of high-grade nitrogen gas through the two phases; in this step, extraction can be performed through a moderate emulsion. The homemade cell used is shown in Fig. 1 .
Standard iron(III) solution(10 µg cm-3) was prepared by diluting a certified 1000 µg cm3 stock solution to the volume with appropriate water. Acetate buffer (pH 5.9), 0.1 mol dm 3, was prepared by mixing acetic acid and sodium acetate solution. The organic solution was 0.05 mol dm3 tetrabutylammonium perchlorate(TBAP) and 0.05 mol dm 3 BPA in ethyl acetate. All reagents used were of analytical-reagent grade. Fig. 1 Glass cell designed for this study: 1, nitrogen gas inlet for gas-stirred extraction; 2, nitrogen gas inlet for potection from dissoluion of oxygen; 3 and 4, inlet and outlet of water for keeping the cell at 20° C; 5, platinum counter electrode; 6, silver/silver chloride referene electrode; 7, dropping mercury (or glassy carbon) working electrode.
A standard iron(III) solution was placed into a home-made cell with 2.0 cm3 of acetate buffer and water to make up to a total volume of 5.0 cm-3. A 1.0 cm-3 volume of an organic solution was then added to the aqueous solution. After the cell was kept at 20±0.1 ° C by circulating the water through a cell jacket, the solvent-saturated nitrogen gas was passed through the two phases with a flow rate of about 60 cm3 min 1 for 5 min. The voltammetric measurements were made under the appropriate settings.
A river water sample was filtered with a 0.45-µm millipore filter immediately after sampling. A 5.0 cm3 of the solution was taken into a cell and analyzed according to the procedure described above.
Results and Discussion
The proposed solvent extraction was possible with ethyl acetate, propylene carbonate and nitromethane which are <10% soluble into water. The three solvents containing TBAP as the supporting electrolyte could be used for voltammetric measurement. Ethyl acetate was chosen because of the greatest sensitivity for the determination of iron(III) as its BPA complex. The iron(III) complex could be extracted quantitatively into ethyl acetate over the pH range 2.0 -11.0 with a nitrogen gas flowing-time of 5 min. Figures 2(a) and (b) show the cyclic and differential-pulse voltammograms obtained for the iron(III) complex in the ethyl acetate phase (about 0.65 cm3) with the glassy carbon working electrode. The reduction wave was oberved at -0.80 V vs. Ag/ AgCI. Figures 2(c)-(e) show the differential-pulse polarograms with varying concentrations of iron(III) in aqueous solution. The polarographic peak height at -0.59 V vs. Ag/ AgCI was directly proportional to the iron(III) concentration down to 4.0 ng cm3 (7.1 X 10.8 mol dm-3) with a correlation coefficient of 0.998. The relative standard deviation was 14.1% (n=10) for 20 ng cm-3 iron(III). A river water sample was pretreated and analyzed according to the procedure described in the experimental section.
The differential pulse polarogram obtained is shown in Fig. 2 (f) . The dissolved iron(III) was determined to be 14±2 ng cm 3 (n=5) by the present method. and e, differential-pulse polarograms of iron(III) at concentrations 0, 10 and 20 ng cm 3, respectvely; f, differentialpulse polarogram obtained for a river water sample. Settings for differential-pulse polarography were pulse amplitude 50 mV and scan rate 5 mV s'.
